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Abstract 
Swamps are unique ecological communities that provide many valuable 
ecosystem services. In Kentucky, however, many swamps were altered by cypress 
removal and land development in their watersheds. Cypress Creek Swamp, which lies 
near Paducah in western Kentucky, is a good example of a swamp whose ecological 
integrity may be threatened by past and current nearby land use practices. This study was 
conducted to assess the water quality and macro- and microinvertebrate communities in 
the swamp. Three sites were monitored for temperature, dissolved oxygen, pH, specific 
conductivity, depth, phosphorus measured as orthophosphate, nitrite (NO2") and nitrate 
(NO3", NOx collectively), and ammonia nitrogen (NH3). The temperature, dissolved 
oxygen, NH3 and NOx concentrations changed with the growing season, but pH 
demonstrated little variability among the sites. The specific conductivity and phosphorus 
levels were highly variable. Principal component analysis (PCA) indicated no significant 
difference in microinvertebrate taxa identified among locations or through time. A one-
way analysis of variance (ANOVA) indicated no significant difference in 
macroinvertebrate population total densities between locations (P = 0.847), and a one-
way analysis of variance (ANOVA) showed no significant difference in 
microinvertebrate population total densities among locations (P = 0.153) or through time 
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(P = 0.294). As development continues in the watershed, this work provides an important 
baseline for future water quality monitoring in the preserve. 
Vlll 
Introduction 
Bottomland hardwood forests cover extensive areas of the floodplains of coastal 
rivers in the southeastern USA (Duffy and LaBar 1994) and can provide important 
ecosystem services for their watersheds. Swamps bordering waterways reduce the speed 
and power of floodwaters and may filter and improve the quality of the water through 
biotic processes such as microbial action. Groffman et al. (1996) noted that 
microorganisms in swamps are responsible for most of the degradation of organic 
materials, and recycling of nutrients and microorganisms in these systems are able to 
immobilize significant quantities of nutrients as well as organic pesticides and industrial 
pollutants (Growns 1992). Swamps can also contain diverse and abundant populations of 
aquatic invertebrates (Wehrle et al. 1995) that may play important roles in nutrient and 
organic matter cycling and as a resource for higher trophic levels (Duffy et al. 1994). 
These invertebrates transfer energy and nutrients from detritus to higher trophic levels 
and are an important food source for waterfowl (Broschart and Linder 1986; Wylie and 
Jones 1986). Despite their importance. Thorp et al. (1985) noted that little research has 
been conducted on the structure of swamp invertebrate assemblages, and aquatic 
invertebrate populations in general have been poorly studied in wetland and swamp 
systems compared to lake and stream habitats. 
There are a number of environmental factors that could affect invertebrate species 
composition in swamp environments. Physico-chemical characteristics can have strong 
effects on the invertebrate communities in many wetland environments (Munshi et al. 
1993; Lougheed and Chow-Fraser 1998). For example, as the water temperature 
increases the invertebrate populations become more active leading to increased metabolic 
demand and often increased reproduction of invertebrates. When the water temperature 
decreases the invertebrate population numbers decrease due to declining reproduction and 
steady or increasing death rates. Within many swamps, water levels are subject to great 
variations throughout the year and among years, which may influence physico-chemical 
regimes (Ziser 1978). In replicate w etland mesocosms. Busnardo et al. (1992) found that 
alternate draining and flooding of sediments increased nutrient removal, which can have 
an impact on higher-order processes in the sw amp system. The pH of the w ater can also 
indirectly influence the invertebrate population as nitrogen fixation is especially low in 
acidic areas and acidic waters are generally nutrient poor (Mitsch et al. 1977). 
In western Kentucky, cypress-tupelo swamps were once abundant in bottomlands 
along the banks of rivers such as the Tennessee and the Cumberland. The dominant 
species were cypress (Taxoduims distichum) and tupelo (Nyssa aqua tic a and Nyssa 
biflora). During the late 19lh and early 20 1 centuries, much of the cypress was removed 
and used in the paper and building industries; thus, tupelo is now the dominant tree 
species in many of these areas. One of the best surviving examples of a cypress-tupelo 
swamp in Kentucky is Cypress Creek Preserve located in Marshall County. The swamp's 
cypress was harvested earlier this century, and two types of tupelo (Nyssa aquatica and 
Nyssa biflora) now dominate the tree community. The swamp is surrounded by farmland 
and privately owned forested areas and is bound by a large drainage ditch on its west 
side. Recent land development, mainly the construction of new homes, in formerly 
forested areas east of the swamp has caused concern that the land development will 
adversely affect the swamp's water quality. To address those concerns, a water quality 
sampling program was initiated to examine basic water quality indicators (temperature, 
dissolved oxygen, pH, depth, phosphorus measured as orthophosphate, nitrite [NCV] and 
nitrate [NO3"] [NOx collectively],and ammonia nitrogen) in the swamp. 
Macroinvertebrate and microinvertebrate samples were collected to assess the planktonic 
and benthic invertebrate communities in the swamp. Both the physical and biological 
data ma\ be used as a baseline community assessment so that the effects of future land 
development in the watershed may be monitored. 
Methods 
Cypress Creek Swamp Preserve lies two miles northwest of the Kentucky Dam 
Village Resort at 93° 40' north latitude by 83° 3' west longitude (Figure 1). It is owned 
and managed as a preserve by the Kentucky Chapter of the Nature Conservancy. Three 
sites were chosen within the swamp parallel to the drainage ditch. The sites were 
designated upstream, midstream and downstream in relation to the flow pattern in the 
drainage ditch. The upstream site had the highest canopy cover (estimated at >95% after 
full leaf out), and canopy cover was progressively reduced through the midstream (>50% 
cover) and downstream (<25% cover) locations. The reduction in canopy cover was 
associated w ith increased growth of aquatic macrophvtes in the swamp, particularly 
Lemna sp. For example, Lemna growth was sparse in the upstream site, but it completely 
covered the water surface in the downstream site. Sampling was conducted from May 
1996 through August 1997. Each site was monitored monthly except from May 1996 to 
September 1996 and May 1997 to August 1997 in which each site was monitored 
bimonthly. At each sampling visit, temperature, dissolved oxygen, pH, and specific 
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conductivity were measured using a Yellow Springs Inc. (YSI) 6250 field unit. Grab 
samples were collected from the water surface and returned to the Ogden Water 
Resources Laboratory for analysis for concentrations of orthophosphate, NOx , and 
ammonia nitrogen following Kentucky Division of Water protocols (Table 1). 
The macroinvertebrate community was assessed using three different artificial 
samplers and by seining. Since swamps and wetland areas have not been as well studied 
as lakes and streams, there are few standard sampling procedures comparable to the 
"traveling kick net" sample in streams or a plankton tow in lakes. Due to this lack of 
research procedures, several different methods for assessing the macroinvertebrate 
community were tested for their utility. "Stick samplers" were constructed using dowel 
rods 10 cm in length and 5 mm in diameter tied together using a nylon string. Leaf packs 
were made by collecting leaves from tupelo trees. Approximately 25 g of leaves were 
compressed into nylon bags 7.5 cm wide by 12.5 cm long with a mesh size of 3 mm. 
Hester-Dendy samplers, series of stacked disks attached to a central rod (total surface 
area = 562.5 cm ), were also deployed in the swamp. All of these samplers function by 
providing substrate for colonizing macroinvertebrates. 
Three macroinvertebrate sites were randomly chosen at the upstream and 
downstream locations; at the midstream sampling location, four macroinvertebrate 
sampling sites were selected. One Hester-Dendy trap, one leaf pack, and two stick traps 
were placed at each site in July 1996. The stick samplers were collected in August 1996 
and all remaining samplers were collected in October 1996. Because of the low numbers 
of invertebrates collected by the stick and Hester-Dendy samplers, only the leaf pack 
samplers were used in the following year's sampling. In April 1997 twenty-one leaf 
packs were deployed again at the same locations. In May 1997, five of the leaf packs 
were collected and the remaining were collected in July 1997 before the swamp dried. 
A kick seine (mesh size=500 |_im) measuring one meter by one meter was also 
utilized to collect invertebrates from April 1997 through June 1997. During each 
monthly visit kick seine samples were taken randomly at two sites in the upstream, 
midstream, and downstream locations. The kick seine was submerged about 0.30 m and 
pulled one meter through the water for one minute while kicking vigorously into the net. 
The area seined was approximately equal to 0.3 m J . No kick seine samples were taken 
after June 1997 because of very low water levels in the swamp. All samples were 
preserved in 70% ethanol (further referred to as ETOH) and returned to the lab. 
Macroinvertebrates were sorted and classified to the lowest practicable taxon using an 
Olympus dissecting microscope. 
The microinvertebrate community was sampled once a month from January 1997 
to June 1997. One-liter grab samples were taken using a two-liter plastic beaker at the 
upstream, midstream and downstream locations. The water was filtered through a 25-|am 
plankton net to capture the microinvertebrates. The microinvertebrates w ere preserved in 
70%i ETOH and settled in the laboratory for at least 24 hours using the Utermohl 
technique. Microinvertebrates were classified to the lowest practicable taxon using an 
Olympus inverted compound microscope at 100X magnification. 
Data from the processed samples were analyzed using the SYSTAT analysis 
package. Principal component analysis (PCA) was used to determine patterns of 
dispersement among taxa identified at the three sites. One way analysis of variance 
(ANOVA) was used to determine the total macroinvertebrate and microinvertebrate 
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density differences among the three sites. The same analysis was also used to determine 
the microinvertebrate density differences through time. Shannon-Wiener index was 
calculated to determine variation in the abundance of microinvertebrate species collected 
among the three sites. 
Results 
Physical data were collected for every month except December 1996. The 
temperature ranged from 3.1 °C to 24.9 °C (Table 2). The lowest mean temperature was 
in January 1997, and the highest mean temperature was in April 1997 (Figure 2). 
Dissolved oxygen ranged from 0.1 mg/L to 10.1 mg/L (Table 3). The lowest mean 
concentration occurred during September 1996, and the highest mean concentration 
occurred during January 1997 (Figure 3). The pFI ranged from 6.0 to 9.0 (Table 4. Figure 
4). The mean specific conductivity ranged from 174 |_iOhms in May 1997 to 63 |_iOhms 
in November 1996 (Table 5, Figure 5). The depth of the water at the sampling locations 
within the swamp was highly variable throughout the sampling period (Table 6). The 
maximum depth was 59.5 cm at the midstream location in December 1996, and the 
minimum depth was 0.1 cm at all sampling locations in April, May and July 1997. The 
mean depth for all sampling locations within the swamp was 27.0 cm (Figure 6). 
No samples were collected in June and Jul}' 1997 because of the very low water 
levels. The range for orthophosphate was 0.1 mg/L to 2.6 mg/L (Table 7, Figure 7), for 
NOx was 0.1 mg/L to 0.8 mg/L (Table8, Figure 8), and for the ammonia concentrations 
was 0.1 mg/L to 1.9 mg/L (Table9, Figure 9). 
A total of 30 Hester-Dendy samplers were deployed. Two Hester-Dendy 
samplers were not recovered, and ten of the samplers contained no invertebrates. A total 
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of 80 individuals were collected with the remaining Hester-Dendy samplers (Table 10). 
The colonists were primarily two crustacean species. (Ceacidoteci laticaudatus (62.5%) 
and Hyallela azteca (15%). Other groups collected included molluscs (primarily 
Pisidium) and odonates (Anisoptera) (Figure 10). 
All 20 of the leaf packs deployed contained at least one aquatic invertebrate with 
a total of 887 individuals collected (Table 11). Sphaeriidae (57%) of individuals) 
dominated the samples with C. laticaudatus (17%) and H. azteca (12%) being less 
common than in the Hester Dendy traps (Figure 11). No invertebrates were found on any 
of the stick samplers. 
In the kick seine samples a total of 4827 individuals were collected (Table 12). C. 
laticaudatus was dominant (80.1%) followed by H. azteca (6.9%). Other taxa present but 
in low numbers (less than 5% of the sample) were Decapoda, Chaoborus, Odonata 
(Zygoptera and Anisoptera), Pisidium, Rhynchobdellida, Gastropoda and Oligocheatae 
(Figure 12). 
While there were obvious differences in macroinvertebrate taxonomic 
representation (Table 13) among the different methods employed, within each data set 
there were no significant difference in the population densities among locations within 
the swamp (ANOVA, P = 0.847). 
The most abundant microinvertebrates numerically were the copepods, ranging 
from zero to 190 individuals per liter (57%) of the 2616 microinvertebrates collected). 
The cladocerans were the second most abundant microinvertebrates numerically. The 
rotifers were the most diverse group, with 605 individuals representing 17 genera in 7 
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families (Table 14). Common rotifer species included Brachioitnus angular is, B. palulus, 
B. wecedaris, Filinia brachiaia, F. longisela, and F terminal is (Table 14). 
Principal component analysis indicated that 30.2% of the total variance was 
explained by two factors (17.024%) + 13.179%), but plotting these factors did not show 
any groupings through time or among locations. Two outliers were removed to increase 
the scale at which the factors were plotted and to enhance any groupings that might 
occur. Again, no groupings were evident. One way ANOVA of the microinvertebrate 
populations indicated that there was no significant difference in total zooplankton 
densities among locations within the swamp (P = 0.152) or among sampling dates (P = 
0.294). The Shannon - Wiener index indicated variation in the abundance of species 
among all locations: upstream location (H = 11.143). midstream location (H = 7.916) and 
the downstream location (H = 5.872). 
Discussion 
Many of the water quality trends noted were similar to those seen in other swamp 
and wetland habitats (e.g. Kelley et al. 2001). In systems such as Cypress Creek, 
intermittent dry periods are common during times of low water and can strongly 
influence swamp physiochemistry and the biotic communities. Herdendorf (1992) 
suggested that water level fluctuations that occur over long periods of time may cause 
vegetation die back, erosion of the wetlands, or lateral displacement of the vegetative 
zones. During March 1997 the water levels decreased, and in April and May 1997 only 
isolated puddles remained in the swamp. In early June 1997 the water levels increased, 
but by Juh' 1997 the swamp was again nearly dry. The temperature of the water in the 
swamp, while doubtlessly influenced by air temperature fluctuations throughout the year. 
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was obviously affected by the dewatering of the swamp. For example, little temperature 
variation occurred between the sites with the exception of April, May and July 1997 
dates, when the water depth had decreased to isolated puddles. These drying events likely 
also influenced dissolved oxygen levels. During the winter and early spring of 1997, 
dissolved oxygen levels in the upstream and midstream were higher than those in the 
downstream site. This variation is consistent with the findings of Ziser (1978) in 
McElroy Swamp in Ascension Parish, Louisiana. He stated that dense canopy cover and 
no aquatic vegetation reduce photosynthetic rates of the few aquatic plants present and 
reduce oxygenation of the water by photosynthesis. Such changes in oxygen levels ma\ 
affect invertebrate behavior and productivity and affect population densities. 
Phosphorus levels among upstream, midstream and downstream locations were 
highly variable with no consistent pattern among sites. This inconsistency in pattern is in 
contrast to an earlier study of Louisiana wetlands, where phosphorus levels increased 
during the winter months and decreased during the summer months (Ziser 1978). Nitrite 
and nitrate concentrations also followed a seasonal pattern consistent with the findings of 
Karl et al. (1997). Of the twelve sampling dates, the upstream location had the greatest 
concentration of NOx nine times. The ammonia nitrogen also followed a seasonal trend 
with higher levels occurring during April. September. October, and November of 1996 
and decreasing from December 1996 through March 1997. In unimpacted systems, much 
of the available ammonia nitrogen is derived from the decomposition of organic matter. 
This decomposition would normally occur during the summer months when microbial 
activity is greatest and oxygen levels in the water column are usually lower. The high 
levels of ammonia nitrogen and phosphorous which were sometimes seen in the water 
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column may have been introduced from external point or nonpoint sources that can be 
common vectors for these nutrients (Carpenter et al. 1998). 
Along their bottoms, swamps often have a large amount of woody debris that 
makes the use of some of the traditional limnological techniques difficult (e.g., plankton 
tows) and necessitates the use of substrate "traps" or seining. The advantage of the 
substrate traps is that they are in a sense more quantifiable as the taxa collected are 
occupying a known surface area. The seine is at best a semi-quantitative method since it 
is difficult to determine with precision the area sampled. The stick samplers failed to 
attract any colonizers in their initial deployment, while the kick seine samples provided a 
greater total number of macroinvertebrates (4826) and also a greater number of taxa 
(representatives from seven classes [four Phyla]) than did the Hester-Dendy or the leaf 
packs. The macroinvertebrate taxa present in Cypress Creek Swamp were consistent 
with those found in other swamp habitats (e.g., lonescu 1984). The drying of the swamp 
w ould have obvious negative effects on the resident aquatic organisms but Moore (1970), 
Ziser (1978), and Bataille and Baldassarre (1993) indicated that many aquatic 
invertebrates are capable of surviving dry periods. 
The microinvertebrate communities in Cypress Creek are similar in some ways to 
other swamp and forested wetland systems in the southeastern United States, although it 
is difficult to compare zooplankton communities since collection techniques vary from 
study to stud)'. Mahoney et al. (1990). in their work in Carolina Bays, reported a similar 
number of copepod taxa (usually 1-3) but a much more diverse cladoceran community 
(up to 258 taxa, most Chydoridae). This finding was not unexpected, since their 
comparisons of these Bays with other temporal'}' pools indicated the Bays had much more 
diverse cladoeeran communities than previously reported from other systems (Mahoney 
et al. 1990, Table 4). In addition, many of the cladocerans collected were not planktonic 
but were associated with benthic areas or the littoral zone. It is very likely that our 
collection techniques under-sampled the cladoceran community in Cypress Creek 
Swamp. Population densities of the zooplankton were lower than those found in some 
Carolina bays (Taylor et al. 1989) and other forested wetland habitats (Golladay et al. 
1997: Kelley et al. 2000). Rotifer species diversity was comparable to that found in 
another forested wetland in Kentucky (Kelley et al. 2000). 
Conclusions 
The results of this study suggest that the Cypress Creek Preserve's 
physiochemical and invertebrate communities are similar to those found in similar 
systems in the southeast. Since there is no previous data available for the preserve, it is 
difficult to determine whether water quality or biodiversity has been impacted by 
previous land development. However, this data may be used as a baseline to which 
future sampling efforts can be compared so that the effects of future land use changes in 
this area may be assessed. The physiochemical data may be of particular use here as a 
reduction in forest cover or other changes in the watershed may result in changes in the 
nutrient loads coming into the preserve. The macroinvertebrate community structure may 
be less sensitive as an indicator in this system since many of the invertebrates found in 
the swamp have fairly high tolerance values for organic pollution based on values 
generated for related species in streams (e.g. Hilsenhoff Biotic Index; Hilsenhoff 1987). 
The microinvertebrates may also be of limited usefulness as bioindicators because they 
can recover quickly from disturbance. For example, Mahoney et al. (1990) studied a 
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number of Carolina Bays which had been cleared in the past for agricultural use and 
compared them to Bays which had not been disturbed. They found no correlation 
between past disturbance and present plankton community structure. While this study 
can not establish current land use impacts on the Preserve, the data may be used in future 
studies to ensure that development of the land around Cypress Creek does not negatively 
affect the ecological integrity of this important habitat. It is recommended that 
monitoring continue to ensure that the Preserve and its unique animal and plant 
communities are protected. 
Figure 1. Topographical map of Cypress Creek Swamp. 
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Table 1. Parameters measured for the Cypress Creek Swamp water quality study. 
YSI=Yellow Springs 6250 multiprobe, OWQL= Ogden Water Quality Laboratory. 
Parameter How Measured Where 
Temperature YSI two measurements at each site 
Dissolved oxygen YSI two measurements at each site 
pH YSI two measurements at each site 
Specific YSI two measurements at each site 
conductivity 
Orthophosphate OWQL Standard 
Methods 
4500-P 
two samples at each site 
NOx OWQL Standard 
Methods 
4500-N0x 
two samples at each site 
Ammonia OWQL Standard two samples at each site 
Nitrogen Methods 
4500-NH3 
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Table 2. Tabular data for temperature at the three sampling locations within the swamp 
(upstream, midstream and downstream). 
Date C C P u p CCP mid CCP down 
Jul-96 24.0 24.0 24.0 
Aug-96 24.0 24.2 23.5 
Sep-96 21.0 21.0 21.0 
Oct-96 13.8 14.3 13.0 
Nov-96 6.9 6.8 6.9 
Jan-97 4.7 4.5 3.1 
Feb-97 10.4 10.4 9.9 
Mar-97 16.5 17.2 16.5 
Apr-97 24.9 19.6 17.8 
May-97 18.7 19.8 18.4 
Jun-97 19.8 19.3 18.6 
Mean 16.8 16.5 15.7 
Standard 7.0 6.7 6.8 
Deviation 
35.0 
30.0 
25.0 
20.0 0 </> 
a> 01 
05 
® 15.0 Q 
10.0 
5.0 
0.0 \M 
CD CO <y> co i i 
^ I 
h-O) 
I c 3 
Month 
Figure 2. Seasonal fluctuations in the temperature at the three sampling locations within 
the swamp (upstream, midstream and downstream). 
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Table 3. Concentration of dissolved oxygen at the three sampling locations within the 
swamp (upstream, midstream, downstream) for each month measured. 
Date C C P u p CCP mid CCP down 
Jul-96 1.8 1.5 1.2 
Aug-96 2.0 1.0 2.0 
Sep-96 0.4 0.2 0.1 
Oct-96 2.4 2.8 2.6 
Nov-96 3.1 4.3 4.7 
Jan-97 9.6 8.3 10.1 
Feb-97 5.3 8.0 8.5 
Mar-97 1.8 4.0 4.8 
Apr-97 6.7 1.8 j . J 
May-97 2.3 0.6 1.5 
Jun-97 6.2 1.9 1.2 
Mean 3.8 3.1 3.6 
Standard 2.8 2.8 3.2 
Deviation 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 _ 
4 
mW 
CO (J) CO O) i 
cn 
< 
CD CT> i Q_ 
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CD • 
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•D 
Month 
Figure 3. Seasonal fluctuations in the dissolved oxygen concentrations at the three 
sampling locations within the swamp (upstream, midstream and downstream). 
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Table 4. Tabular data for pH at the three sampling locations within the swamp (upstream, 
midstream and downstream). 
Date CCP up CCP mid CCP down 
Jul-96 7.1 6.6 6.4 
Aug-96 7.0 6.7 6.5 
Sep-96 6.6 9.0 8.0 
Oct-96 7.9 7.3 7.3 
Nov-96 7.1 8.0 7.9 
Jan-97 8.9 8.2 7.4 
Feb-97 8.3 8.1 7.9 
Mar-97 7.8 7.4 7.4 
Apr-97 7.4 7.3 6.8 
May-97 6.2 6.0 6.2 
Jun-97 7.2 6.8 6.4 
Mean 7.4 7.4 7.1 
Standard Deviation 0.8 0.9 0.7 
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Figure 4. Seasonal fluctuations in the pH at the three sampling locations within the 
swamp (upstream, midstream and downstream). 
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Table 5. Tabular data for specific conductivity at the three sampling locations within the 
swamp (upstream, midstream and downstream). 
Date CCP up CCP mid CCP down 
Jul-96 98 87 94 
Aug-96 87 87 96 
Sep-96 70 77 86 
Oct-96 139 118 142 
Nov-96 63 75 145 
Jan-97 111 103 81 
Feb-97 111 105 107 
Mar-97 125 101 116 
Apr-97 64 96 152 
May-97 156 165 174 
Jun-97 93 117 158 
Mean 102 103 123 
Standard Deviation 30.5 25.1 32.4 
220 
Month 
f igure 5. Seasonal fluctuations in the specific conductivity at the three sampling locations 
within the swamp (upstream, midstream and downstream). 
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Table 6. Depth measurements for each sampling location within the swamp (upstream, 
midstream and downstream). 
Date CCP up CCP mid CCP down 
7/1/96 42 33 51 
8/2/96 27 40 33 
8/20/96 29 26 28 
8/24/96 22 23 24 
9/10/96 22 20 12 
12/3/96 55 51 100 
1/25/97 51 46 50 
2/2/97 52 59 53 
3/28/97 12 20 8 
4/20/97 0 0 0 
5/24/97 0 0 0 
6/8/97 45 45 49 
6/29/97 2 0 0 
7/22/97 0 0 0 
Figure 6. Seasonal fluctuations in the depth at the three sampling locations within the 
swamp (upstream, midstream and downstream). 
Table 7. Concentration of orthophosphate at the three sampling locations within the 
swamp (upstream, midstream, downstream) for each month measured. 
Date CCP up CCP mid CCP down 
Jul-96 0.19 0.68 0.14 
Aug-96 1.60 1.60 1.70 
Sep-96 1.10 2.00 2.60 
Oct-96 0.11 0.32 0.02 
Nov-96 0.60 0.70 0.10 
Dec-96 0.06 0.08 0.07 
Jan-97 0.05 0.09 0.25 
Feb-97 0.11 0.03 0.02 
Mar-97 0.15 0.34 0.09 
Apr-97 0.48 0.77 0.66 
May-97 0.10 0.20 0.70 
Jun-97 0.40 0.90 2.30 
Mean 0.41 0.64 0.72 
Standard Deviation 0.48 0.62 0.94 
Figure 7. Seasonal fluctuations in the orthophosphate at the three sampling locations 
within the swamp (upstream, midstream and downstream). 
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Table 8. Concentration of nitrite and nitrate at the three sampling locations within the 
swamp (upstream, midstream, downstream) for each month measured. 
Date CCP up CCP mid CCP down 
Jul-96 0.10 0.20 0.10 
Aug-96 0.14 0.10 0.10 
Sep-96 0.13 0.11 0.10 
Oct-96 0.10 0.10 0.10 
Nov-96 0.48 0.45 0.24 
Dec-96 0.70 0.70 0.70 
Jan-97 0.60 0.80 0.80 
Feb-97 0.30 0.20 0.40 
Mar-97 0.33 0.21 0.18 
Apr-97 0.23 0.15 0.24 
May-97 0.20 0.20 0.10 
Mean 0.30 0.29 0.28 
Standard Deviation 0.21 0.25 0.25 
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Figure 8. Seasonal fluctuations in the NOx at the three sampling locations within the 
swamp (upstream, midstream and downstream). 
Table 9. Concentration of ammonia nitrogen at the three sampling locations 
within the swamp (upstream, midstream, downstream) for each month measured. 
Date CCP up CCP mid CCP down 
Jul-96 0.1 0.1 0.1 
Aug-96 1.0 0.5 0.6 
Sep-96 1.6 1.5 1.7 
Oct-96 0.4 0.7 0.1 
Nov-96 0.6 0.7 0.1 
Dec-96 0.1 0.1 0.1 
Jan-97 0.1 0.1 0.1 
Feb-97 0.1 0.1 0.1 
Mar-97 0.1 0.1 0.1 
Apr-97 1.9 1.7 1.0 
May-97 0.1 0.3 0.2 
Mean 0.55 0.53 0.38 
Standard Deviation 0.66 0.57 0.52 
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Figure 9. Seasonal fluctuations in the Ammonia nitrogen at the three sampling 
locations within the swamp (upstream, midstream and downstream). 
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Table 10. Numbers of individuals trapped using the Hester-Dendy sampler. 
Order Total Number of 
Individuals 
Per Cent 
Isopoda 50 63 
Amphipoda 12 15 
Schizodonta 5 6 
Diptera 8 10 
Odonata 5 6 
Sum of Orders 80 
Mean 16 
Standard 19 
Deviation 
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Figure 10. The numbers of individuals collected using the Hester-Dendy samplers. 
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Table 11. Numbers of individuals trapped using the Leaf pack samplers. 
Class Order Total Number of Individuals Per Cent 
Crustacea Isopoda 153 17.2 
Crustacea Amphipoda 107 12.0 
Insecta Diptera 74 8.3 
Insecta Odonata 10 1.1 
Pelecypoda Schizodonta 507 57.2 
Gastropoda 5 0.5 
Turbellaria 19 2.1 
Oligocheatae 10 1.1 
Sum of Individuals 885 
Mean 111 
Standard Deviation 169 
1000 
Invertebrates 
Figure 11. The numbers of individuals collected with the Leaf Pack samplers. 
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Table 12. Invertebrates caught using the Kick Seine sampler. 
Number of Individuals Per Cent 
Caecidotea 3866 80.11 
Hyalella 334 6.92 
Decapoda 11 0.23 
Chaoborus 16 0.33 
Chironamidae 55 1.14 
Zygoptera 2 0.04 
Anisoptera 59 1.22 
Sphaeriidae 105 2.18 
Gastropoda 121 2.51 
Oligocheatae 27 0.56 
Rhynchobdellida 230 4.77 
Sum 4826 
Mean 439 
Standard Deviation 1141 
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Figure 12. Total number of individuals caught using the kick seine. 
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Table 13. A list of the macroinvertebrates identified to the lowest practical taxon. 
Phylum Class Order Suborder Family Genus Species 
Annelida 1 lirudinae Rhvnchobdellida spp. 
Annelida Oligocheatae spp. 
Arthropoda Crustacea Amphipoda Talitridae 1 Ivalella aiieca 
Arthropod a Crustacea Decapoda spp. 
Arthropod a Crustacea Isopoda Asellidae ('aecidotea laiicaudaliis 
Arthropoda Insecta Diptera Chironamidae spp. 
Arthropoda Insecta Diptera Chaoboridae C 'haoborus spp. 
Arthropoda Insecta DipLera Chironamidae spp. 
Arthropoda Insecta Odonata Anisoptera Libellulidae ('clilhemis spp. 
Arthropoda Insecta Odonata Zygoptera Lestidae Archilestes spp. 
Arthropoda Insecta Odonata .Anisoptera Libellulidae ('elithemis spp. 
Mollusca Gastropoda spp. 
Mollusca Pelecypoda Schizodonta Sphaeriidae Pisidium spp. 
Platvhelminthes Turbellaria spp. 
Tardigrada spp. 
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Table 14. A list of the microinvertebrates identified to the lowest practical taxon. 
Phylum Class Order Family Subfamily Genus Species 
Roto t a i r a M o n o s i o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Bracliiomis patithis 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Brachionus urcL'duris 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Brachionus annularis 
M o n o s i o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Ench/anis alula 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Euchlanis triquelra 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Keralella cochlearis 
M o n o s i o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Kcratella crassa 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Platvius quadricaruis 
M o n o s i o n o n t a P l o i m a B r a c h i o n i d a e B r a c h i o n i n a e Nolholcci fohcca 
M o n o g o n o n t a P l o i m a B r a c h i o n i d a e L e c a n i n a e Lecane spp . 
M o n o g o n o n l a P l o i m a B r a c h i o n i d a e L e c a n i n a e MonostvUi spp . 
M o n o g o n o n t a P l o i m a A s p l a n c h n i d a e Asp/anchna spp . 
M o n o g o n o n t a P l o i m a N o t o m m a t i d a e N o t o m m a t i n a e ('cphalodeda spp . 
Monos ionon ta P l o i m a P l o e s o m a t i d a e l'loesoimi spp . 
M o n o i i o n o n t a P l o i m a S y n c h a e t i d a e Polvarlha remata 
M o i u m o n o n t a P l o i m a S y n c h a e t i d a e Svnchaehi spp. 
M o n o g o n o n t a P l o i m a T r i c h o c e r c i d a e Ifichocerca OpIllL'SSLI 
M o n o g o n o n t a P l o i m a T r i c h o c e r c i d a e Tnchocercci porcelliis 
M o n o g o n o n t a F l o s c u l a r i a c e a T e s t u d i n e l l i d a e Filmia hrachiata 
M o n o g o n o n t a F l o s c u l a r i a c e a T e s t u d i n e l l i d a e Filmia longisL'ta 
M o n o g o n o n t a F l o s c u l a r i a c e a T e s t u d i n e l l i d a e Filinia lennmalis 
M o n o g o n o n t a C o l l o t h e c a c e a C o l l o t h e c i d a e Collotheca spp. 
A r t h r o p o d a C r u s t a c e a C l a d o c e r a B o s m i n i d a e Bosmina lon^iroslri.\ 
C r u s t a c e a C l a d o c e r a C h y d o r i d a e C h y d o r i n a e Chydorus spp . 
C r u s t a c e a C l a d o c e r a D a p h i n i d a e Ceriodaphniu spp . 
C r u s t a c e a C l a d o c e r a D a p h i n i d a e Minna spp. 
C r u s t a c e a C o p e p o d a l i u c o p e p o d a C a l a n o i d a spp . 
C r u s t a c e a C o p e p o d a H u c o p e p o d a C y c l o p o i d a spp. 
C r u s t a c c a C o p e p o d a h u c o p e p o d a H a r p a c t i c o i d a spp. 
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